Purpose We investigated the incidence and pattern of traumatic fractures resulting from motor vehicle collisions in a population of children and adolescents (≤18 years old) and to determine the risk factors for nerve injury. Methods We retrospectively reviewed 734 patients admitted to our university-affiliated hospitals from 2001 to 2010. Results This study enrolled 498 male (67.8%) and 236 female (32.2%) patients aged 10.9 ± 5.3 years old. The most common injuries were to pedestrians, and the most common fracture sites (438, 59.7%) were to lower extremities (n = 441, 60.0%). A total of 201 (27.4%) patients experienced a nerve injury. Univariate logistic regression analysis showed that age (P = 0.014), lower-extremity (P = 0.000), craniofacial (P = 0.000) and spinal (P = 0.000) fractures were risk factors for nerve injury. Multivariate logistic regression analysis indicated that craniofacial [odds ratio (OR) = 9.003, 95% confidence interval (CI) 5.159-15.711, P = 0.000)] and spinal (experiencedOR = 10.141, 95% CI: 4.649-22.121, P = 0.011) fractures were independent risk factors for nerve injury. Conclusions Patients in the 15-to 18-years old group and drivers had the largest sex ratio and highest frequencies of both nerve injury and early complications. Craniofacial and spinal fractures were independent risk factors for nerve injury. It is therefore important to focus on these risk factors to determine the presence of a nerve injury so that early, timely diagnosis and targeted treatment can be provided.
Introduction
Fractures are common among all types of paediatric injuries and comprise 10-25% [1, 2] . The overall risk of sustaining a fracture during childhood is almost 50% for male and 30% for female [3] [4] [5] [6] patients. Fracture patterns vary between countries, and even regions within a country, depending on the local climate, culture and leisure-time activities [6] [7] [8] [9] [10] [11] . A community-based, cross-sectional survey was conducted in >27 Egyptian governorates from June to October 2011; 1576 injuries were reported in 1472 children aged 0-18 years from a sample population of 1399 households who experienced accidental injuries. Fractures were one of the five main causes of injury, accounting for 28.7% [12] . Some studies have shown an increasing incidence of specific fracture sites in paediatric patients [13] [14] [15] [16] , but data on the overall patterns and epidemiologic trends of traumatic childhood fractures resulting from motor vehicle collisions (MVC) are scarce.
MVC are a common cause of spinal cord injury (SCI) in children; therefore, focusing on risk factors and prevention modes is important [17] . Because an MVC-related SCI can lead to permanent disability, prevention and education play important roles in decreasing the morbidity and mortality in children. Howard et al. [18] noted that severe injuries to nearside occupants occurred in both the presence and absence of intrusion into the passenger compartment. Scene information may be useful to trauma teams for predicting injury type and location. Further research may help identify preventive measures to reduce the number of fractures, particularly those that result from MVC.
In this study, we reviewed a multicentre (two tertiary hospitals in Chongqing, China) database of MVC in a population of children and adolescents ≤18 years that occurred over a ten year period between 2001 and 2010 to address these deficiencies and to provide comprehensive information on this important childhood public health problem in China. The incidence and patterns were summarised with respect to the different age groups, year of admission, role of patients and risk factors for nerve injury were investigated.
Materials and methods

Study population
Our study assessed 734 patients in a population of children and adolescents (≤18 years old) who had acute traumatic fractures as a result of MVC between January 2001 and December 2010 and were admitted to our university-affiliated hospitals. We made definitive diagnoses using X-rays, computed tomography (CT) and magnetic resonance imaging (MRI). Medical records were reviewed and assessed by two independent researchers who had not participated in treating patients. Seddon's classification system was used to assess peripheral nerve palsy. The study protocol and this manuscript were approved by the committee on ethics and the institutional review board of our institution.
Statistical analysis
All statistical analyses were performed using SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA). We used Pearson chisquare tests to assess differences in age, sex distribution and clinical characteristics between groups. Continuous variables, such as age, were tested using the one-sample KolmogorovSmirnov test for normal distribution; variables are expressed as mean ± standard deviation (SD). Differences in continuous variables between groups were evaluated using independent samples t tests. Univariate and multivariate logistic regression analyses were used to evaluate associations between clinicopathological features and nerve injury risk.
Results
Age, gender and role distributions
The study assessed 498 male and 236 female patients with a mean age of 10.9 ± 5.3 years and sex ratio of 2:1. The overall annual incidence of child and adolescent fractures was (710.3 ± 317.0) cases per 1,000,000 hospital admissions per two year period; annual incidence rates increased from 178.0 to 988.9 cases, from which they then decreased to 681.1 .
In both sexes, the incidence peaked around the ages of of three to six and then 16-18 years (Fig. 1) . Patients in the latter group (227; 30.9%) had the largest sex ratio (2:5), highest frequency of nerve (35.2%) and spinal (12.8%) fractures and highest rates of associated injuries (ASI) (46.7%). Patients in the four to six age group had the lowest sex ratio (1:7); sex ratio was largest in the seven to 12 (2:2) and 16-18 (2:5) age groups. The emergency admission rate was highest in the ≤three (63.6%) and four to six (64.8%) age groups and lowest in the 16-18 group (49.3%) ( Table 1) . Emergency admission rate gradually decreased from 61.9% to 52.6% based on the year of admission.
The two most common MVC patients were pedestrians (438, 59.7%) and passengers (143, 19.5%), and the most common age groups were <15 years for pedestrians and 16-18 years for drivers (Table 1) . Pedestrians had the youngest mean age (9.0 ± 4.8). Drivers had the oldest mean age (16.4 ± 2.2), largest sex ratio (11:0) and highest frequency of nerve (38.0%) and associated injuries (45.4%). Patients who were drivers had a larger sex ratio (11:0) and a higher mean age (16.4 ± 2.2) than the other patients. and pedestrians a lower mean age (9.0 ± 4.8) ( Table 2) .
Fracture sites and time
The most common fracture sites were lower extremity (n = 441, 60.0%) and craniofacial (n = 226, 30.8%), followed by upper extremity (n = 125, 17.0%). Among the patients who presented with upper extremity fractures, the clavicle was involved in 52 cases (7.1%), humerus in 46 (6.3%) radius in 19 (2.6%) ulna in 15 (2.0%), metacarpal in five (0.7%), scapula in four (0.1%) and scaphoid in one (0.01%). Among patients with lower-extremity fractures (n = 441, 60.0%), tibial fractures were seen in 209 cases (28.5%), femoral in 166 (22.6%), fibular in 133 (18.1%), pelvic in 36 (4.9%), phalangeal in 22 (3.0%), calcaneal in 19 (2.6%), patellar ten (1.4%) and talar in three (0.04%). Among patients who presented with craniofacial fractures (n = 226, 30.8%), basilar skull fractures were seen in 62 (8.4%) temporal in 39 (5.3%), frontal in 38 (5.2%), occipital in 36 (4.9%) and parietal in 34 (4.6%). Mandibular fractures occurred in 31 (4.2%), maxillary in 20 (2.7%), orbital in 18 (2.5%), nasal in 15 (2.0%) and zygomatic in 14 (1.9%).
The frequency of spinal fractures was the highest in the 15-18 age group (n = 29, 12.8%), upper extremity in the 12-15 age group (n = 21, 23.1%), lower extremity in the three to six age group (n = 110, 67.9%)., craniofacial in the ≤three age group (n = 16, 36.4%) ( Table 1 ). The frequency of lower extremity fractures was the highest in pedestrians (n = 292, 66.7%) and craniofacial in drivers (n = 44, 40.7%) ( Table 2) . Fracture incidence showed peaks between the hours of 16:00-20:00 p.m. and during autumn, with a decline from 00:00 to 04:00 a.m. and during winter (Fig. 2) .
Nerve injury, associated injuries and complications
A total of 201 (27.4%) patients experienced nerve injury, which occurred in the central nervous system in 144 cases (brain injury in 125, SCI in 19) , and peripheral nerve injuries in 57 cases (cranial nerve injury in 16; spinal nerve in 41). Neurapraxia occurred in 15 cases, axonotmesis in 33 and neurotmesis in nine, according to Seddon's classification system. The frequency of nerve and AIs increased with age (Table 1) : 273 (37.2%) patients sustained an AI and 42 (5.7%) complications. AI comprised nerve injury (n = 201), haemorrhagic shock (n = 33), lung injury (n = 31), splenic injury (n = 10), osteofascial compartment syndrome (n = 8), bladder and urethral injury (n = 7), perineal injury (n = 6), pancreatic injury (n = 4), renal injury (n = 4), retroperitoneal haematoma (n = 4), intestinal injury (n = 4), liver injury (n = 3) and cardiac injury (n = 1).
Complications including infection (n = 29), decubitus ulcers (n = 3), fracture malunion (n = 6), fracture nonunion (n = 5) and deep vein thrombosis (n = 1). Univariate logistic regression analysis showed that age (P = 0.014), lower-extremity fractures (P = 0.000), craniofacial fractures (P = 0.000) and spinal fractures (P = 0.000) were risk factors for nerve injury. Multivariate logistic regression analysis indicated that craniofacial fracture (OR = 9.003, 95% CI 5.159-15.711, P = 0.000) and spinal fracture (OR = 10.141, 95% C 4.649-22.121, P = 0.011) were independent risk factors for nerve injury (Table 3) .
Discussion
In our study, the most common patients involved in MVC were pedestrians. Fractures were common in children and adolescents, with rates higher among boys than girls. Patients in the 16-18 age group had the largest sex ratio and highest frequency of nerve injury, spinal fractures and AI. Driver patients had a larger sex ratio and a higher mean age than other patients and the highest frequency of nerve injury and AI. The incidence had little seasonal variation and an obvious time variation, with peaks in autumn (28.6%) between 16:00 and 20:00 p.m.. Results were partly consistent with a previous study [19] that reported that injuries to motor vehicle occupants showed little seasonal variation and were more common during evening and night hours. In both sexes, the incidence peaked at~three to six and 15-18 years. We believe that the pattern of traumatic fractures among children and adolescents is partly explained by changes in activity patterns of children over time and whether that time is during rush hour or dismissal times. Previous studies show that patients in different subgroups of traffic collisions had a diverse distribution of injury subtypes and that results were directly related to the population studied and the local traffic situation, including transportation devices and traffic regulations [17, 18] . Further research may help identify preventive measures to reduce the number of fractures. The most common fracture sites were lower extremity (60.0%) and craniofacial (30.8%), followed by upper extremity(17.0%). The most common fracture sites were tibial (28.5%), femoral (22.6%), fibular (18.1%), basilar skull (8.4%) and clavicular (7.1%). A previous study showed that most fractures (73%) involved both upper and lower extremities (22%) [20] . Most studies showed that forearm fractures were the most common [15, 18] ; however, fractures in those studies were caused by all aetiologies, not only by MVC. The frequency of lower-extremity fractures was the highest in pedestrians (66.7%) and craniofacial in drivers (40.7%), showing that fracture patterns caused by MVC has their own characteristics and that targeted intervention methods should be considered to decrease their incidence and burden [21, 22] .
In our study population, the frequency of nerve injury was 27.4% and increased from 22.7% to 35.2% with increasing age. Patients in the 15-18 age group had the highest frequency (35.2%). Thus, focusing on this age group, especially regarding nerve injury, is important. Previous studies show that pedestrians are prone to head injuries for multiple reasons [23, 24] . However, in our study, drivers had the largest male-tofemale sex ratio and the highest frequencies of nerve injury, craniofacial fractures and AI. Multivariate logistic regression analysis indicated that craniofacial and spinal fractures were independent risk factors for nerve injury. In Chongqing, a mountainous city, the use of motor vehicles is rapidly increasing. Severe and very severe MVC one mountainous county in southwest China are closely related to imperfect road designs, defective traffic law execution, imperfect management and environmental factors [21] . Focusing on reducing the number of MVC is essential to reduce the number of MVC and thus nerve injuries, especially resulting from motorcycle involvement. As in many other countries undergoing similar development, traffic safety regulations need to be adopted [25, 26] . An MVC is a common cause of nerve injury in children; therefore, focusing on risk factors, modes of prevention and education is important important to decrease the rates of morbidity and mortality in children. Safer roads, vehicles and user education can significantly reduce MVC-related nerve injuries in children [17] .
In this study, 37.2% patients sustained AI and 5.7% sustained complications. The three most common AI were nerve injury, haemorrhagic shock and lung injury. The most common complication was infection. The frequency of AI increased with age. Early detection and treatment of nerve injury, timely discovery and correction of uncontrolled haemorrhagic shock, timely treatment of pulmonary contusions and prevention and treatment of infections are all important when treating traumatic fractures, particularly in children and adolescents. This study has several limitations. Firstly, it was limited by the retrospective study design and by small sample size. Secondly, there may be selection bias because it includes patients referred to our teaching hospitals.
Conclusion
Pedestrians and lower-extremity fractures were the most common patient type and fracture site. Patients in the 15-18 age group and patients who were drivers had the largest sex ratio and highest frequencies of both nerve injury and early complications. Craniofacial and spinal fractures were independent risk factors for nerve injury. Therefore, it is important when treating MVC patients in these groups to determine whether there is nerve injury, as early and timely diagnosis and targeted treatment can be provided.
